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The International Linear Collider
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e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Damping Ring (DR)
Total 20.5 km

Beam delivery system (BDS)

RTML(e-)
(Ring To ML)

RTML(e+)
(Ring To ML)

Dump

• e+e- linear collider
• Superconducting cavities
• Higgs Factory: 250GeV CM energy
• Polarised beams (80% / 30% e-/e+)

Delivers canonical Higgs factory 
physics programme 
prioritized by European Strategy

Key technologies
• Superconducting RF – main linac
• Nanobeams – damping rings and final 

focus



SCRF Technology: 
Available on Industrial Scale 

Technological Readiness: Key Technologies are Proven
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Nanobeam Technology

Goal ILC:
Eusable ≥ 31.5 MV/m
Q0 ≥ 1·10

R&D Goal ILC:
Eusable ≥ 35 MV/m
Q0 ≥ 1.6·1010

10

35MV/m Gradient and
1010 Quality factor
proven 

Cavity and
Cryomodules
built by industry

ILC: artistic view E-XFEL: Reality

Accelerator Test Facility 2:
41nm beam size
Scaled to ILC energy:
within 10% of design goal

Damping Ring emittance 
comparable to photon sources



• Possible energy upgrades: 500GeV, 1TeV
-> need tunnel extension

• Tunnel can be built while running

• Luminosity upgrades:
• More RF: factor 2 (1.35 -> 2.7E34)
• + Run 500GeV machine at 250GeV, 10Hz: 

factor 2 (2.7E34 -> 5.4E34)
• Improves power efficiency

Upgradeable in Energy and Luminosity
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arXiv:1710.07621

arXiv:1711.00568



Sustainability

Energy Efficient and Affordable
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Costs

Superconducting technology for energy conservation

110MW wall plug power at 250GeV

https://green-ilc.in2p3.fr/home/
Best lumi/power ratio 
above 300GeV

arXiv:1903.01629

Total cost, estimated by ILC advisory panel, Japan*

635-703G¥ (6.35-7.03G$), 
including human ressources

(*) https://www.mext.go.jp/component/b_menu/shingi/toushin/
__icsFiles/afieldfile/2018/09/20/1409220_2_1.pdf



Site in Kitakami

Ready for Construction
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Schedule

Morioka

Candidate site identified
50km space for 1 TeV
Geology is excellent

• 4 year Pre-Lab (hosted by KEK, Japan) phase for R&D, 
Engineering Design Report, Construction preparation

• ILC Laboratory (international): 10 year construction phase

• Ready for Physics in 2036



International Development Team

• Mandated by ICFA
• Prepares Pre-Lab

Active Working Groups on
• Physics, Detectors, Software
• Accelerator Topics

Recent Developments

• Pre-Lab Proposal submitted to MEXT
• Continuing support from DOE and State Dpt.
• MEXT contacted several European funding 

agencies to initiate consultations

A mature project ready to go

An International Project
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=> Welcoming your participation!

https://linearcollider.org/
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BACKUP



ILC Parameters for Reference
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arXiv:1903.01629, AC power updated



• Baseline specification:
31.5MV/m, Q0=1E10, 90%yield

• With new surface treatments:
35MV/m, Q0=1.6E10 -> yield?

• >2000 cavities produced world wide, for 
FLASH, E-XFEL, LCLS-II, …

• R&D pushes performance limits  
• Mass production still a challenge

Technology challenge: High gradient, high Q0, high yield

1.9.2021 Benno List10

ILC 
Spec
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Goal ILC:
Eusable ≥ 31.5 MV/m
Q0 ≥ 1·10

R&D Goal ILC:
Eusable ≥ 35 MV/m
Q0 ≥ 1.6·1010
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• ILC: 516 x 7.7 nm2 beamspot @ 250GeV
• CLIC: 149 x 2.9 nm @ 380GeV
• Nanobeams are common challenge
• Accelerator Test Facility 2 (ATF-2) at KEK 

as test bed & demonstrator 
• 41nm beamsize at 1.3GeV 

(ILC goal corresponds to 37nm)
• 2nm stabilisation with feedback possible

Nanobeam Technology
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ILC: Site Selection and Civil Engineering
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• 2013-Jun 2020: Linear Collider Collaboration LCC 
under ICFA Mandate,
governed by Linear Collider Board LCB

• 2014-2018: MEXT appointed ILC Advisory Panel 
reviews project, incl. new 250GeV baseline

• Feb-Jun 2020: LCB proposes International 
Development Team IDT to prepare an ILC-Pre-Lab

• Aug 2020: ICFA establishes IDT and appoints IDT 
Executive Board (*)

• Goal: establish an ILC Pre-Lab within ~1.5 years
• IDT focusses on ILC realization,

KEK provides support (admin., financial)
• June 2021: IDT submits Pre-Lab proposal

From LCC to the Pre-Lab Proposal
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(*) https://icfa.fnal.gov/wp-content/uploads/ICFA_Statement_August_2020.pdf



The Pre-Lab Proposal
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https://doi.org/10.5281/zenodo.4742043
arXiv:2106.00602

• Purpose of the Pre-Lab: 
• To bring the technical and engineering work of 

the ILC project to a point where the construction 
can be started.

• Mandate:
• Completion of technical preparations and 

production of engineering design documents for 
the accelerator complex

• Compilation of design studies and 
documentation of the civil engineering and 
site infrastructure work, and of the 
environmental impact assessment

• Community guidance to develop the ILC 
physics programme that will fully exploit its 
potential

• Provision of information to national 
authorities and to Japanese regional authorities 
to facilitate development of the ILC Laboratory

• Coordination of outreach and communication 
work

https://www.interactions.org/press-release/ilc-international-development-team-publishes-proposal-ilc
https://doi.org/10.5281/zenodo.4742043
https://arxiv.org/abs/2106.00602


• Technical Preparation Plan: 
addendum to the Pre-Lab proposal by 
IDT WG2 (accelerators)

• Outlines the technical work to be conducted 
during the Pre-lab phase

• Defines 18 R&D work packages in 5 areas:
• Main Linac and Superconducting RF
• Sources
• Damping Rings
• Beam Delivery System
• Dumps

• Emphasis on critical issues identified by 
ILC advisory panel

• Aim: establish international collaboration to 
perform critical R&D during Pre-Lab phase

• International in-kind contributions

The Technical Preparation Plan
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https://doi.org/10.5281/zenodo.4742018

https://doi.org/10.5281/zenodo.4742018


• ~8000 superconducting 9-cell cavities:
1.3 GHz, 1.038m long, 31.5MV/m

• 9 cavities per 12m long cryomodule 
• 10MW pulsed klystron per 4½ modules
• 2K operating temperature

-> 4-6 cryo plants 19kW@4.5K
• Pulsed operation, 5Hz x 0.73ms

• European XFEL: 10% prototype in operation
100 cryomodules, 800 cavities

• LCLS-II, SHINE: Under construction / planned

ILC Main Linac: Superconducting RF Technology

1.9.2021 Benno List17 ILC: artistic view E-XFEL: Reality



• Establish readiness of SRF technology for 
industrial production in Asia, Europe and 
Americas:

• WP01 Cavity Production
• Produce 3x40 cavities with ILC specifications
• Improve Q0 and gradient

• WP02 Cryomodule assembly
• Build 3x2 ILC type cryomodules 
• “Cryomodule transportation program”: 

ship 1 cryomodule/region to Japan, operate it
• WP03 Crab cavity

• Develop crab cavity design for interaction region

R&D on Main Linac and Superconducting RF
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• Electron source: Demonstrate laser-driven 
polarised electron gun design with a 
prototype

• Positron Source: 2 Concepts
• Undulator Positron source (polarized):

Demonstrate feasibility of target and capture 
device 

• Electron driven source:
Demonstrate feasibility, design capture linac

• Develop remote target handling concept
• Decide on positron source concept 

for initial operation
• Dumps:

• Engineering design of 17MW main beam dump
• Design photon dump for undulator source

Sources and Dumps
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• Damping Rings:
• Lattice and system design for damping rings
• Evaluate permanent magnet option
• Investigate and mitigate instabilities from 

collective effects (electron, fast ion)
• Design fast kickers for injection and extraction

Damping Rings and Beam Delivery System
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• Beam Delivery System:
• Design the final focus system and test the final 

focus concept at ATF-3
• Optimize the final focus doublet magnets, 

including prototypes



Sources
DESY, UK, CERN 
IJCLab also, other groups also possible (FCC-ee, Dafne)  

DR/BDS 
DESY, UK, IJClab, CERN, Spain, INFN-LNF
ATF3 interests: UK, Germany, France, CERN, Spain 
Other light-sources labs possible (DR)
WBS design entries to be checked 

Dumps
CERN, Spain

European Expertise and Pre-Lab Work Packages  

21

ML & SRF 
CEA, CERN, CIEMAT, UK, INFN Milano, DESY 
Not all European SRF labs represented 

Additionally (in WBS but not in TPD):
• Long term cryo collaboration with CERN. 
• HiEff RF another relevant activity 
• SRF “basic” R&D for fabrication 

improvements or long term performance 
improvements (i.e. for upgrades) 
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